The number and distribution of flagella on six species of Pseudomonas varied considerably for different cells of a culture. The flagellation reported for certain species of Pseudomonas in the sixth edition of Bergey is in error. A flagellum on a Pseudomonas cell might originate laterally or terminally. In some electron micrographs the flagellum was apparently inserted into the cell and attached to the cytoplasm. The diameter of the flagella varied greatly, and there was a tendency for certain of them to stick together in bundles. Some pictures showed evidence for the tubular nature of flagella, but this may have been an artefact. The terms monotrichate, lophotrichate, and amphitrichate are of little use as an aid in identifying a bacterial species, and bacteria should be classified as motile or non-motile, and if motile as possessing either peritrichate flagellation or with a tendency for terminal flagellation.
The electron microscope has been very useful to bacteriologists as a tool for the study of bacterial morphology, particularly in the study of bacterial flagellation. The techniques are simpler than the usual flagella staining methods, and the results are certainly as reliable. Often many more flagella are observed with the electron microscope than were previously reported by workers using the flagella staining techniques (see Hofer, 1944) .
Two widely different methods are often used in electron microscope studies. One involves the use of the shadowing technique as outlined by Williams & Wyckoff (1945) . The other simply records electron-transmission and electronscattering of the object itself. The shadow technique has the advantage of giving the picture a third dimension and aids greatly in showing the actual three-dimensional shape of an object, or to detect superimposed objects such as flagella passing over the surface of the bacterial cell. The shadow technique has the disadvantage that internal structure of the cell is hidden except as it might appear as a bump or protrusion on the surface of the cell. The simpler technique of recording electron-transmission and scattering by the object has the advantage of actually recording the internal structure of the dried cell. There has recently been a great tendency to ignore the latter technique in the study of bacterial morphology. The present paper deals with the number and origin of flagella of certain Pseudomonas species. The shadow technique was not used, principally because the necessary equipment was not available at the time the work was done.
Previous studies on the flagellation of the genus Pseudomonas have used staining techniques, The reports have been confusing. Reid, Naghski, Farrell & Haley (1942) reported that all of 27 strains of Pseudomonas which showed monotrichate flagellation belonged to the species aeruginosa, while 603 strains showing two or more flagella all belonged to the species JEuorescens. Harris (1940) reported that of 30 monotrichate strains of Pseudomonas studied, most were Ps. aeruginosa and a few were Ps. JE2Lorescens. The sixth edition of Bergey (1948) reports Ps. JEuorescens as being motile, possessing a polar flagellum, and Ps. aeruginosa as possessing one to three polar flagella in one sentence, and as being monotrichate in the next sentence. This same confusion exists for many other motile species of bacteria. Extensive electron microscope studies are obviously necessary to clarify and extend our knowledge of bacterial flagellation. Table 1 lists the twelve strains of Pseudomonas spp. studied. The cultures were grown on nutrient agar slopes at 37" for 48 hr. and suspended in distilled water. The suspension was diluted to give well-isolated cells on the slide. This was necessary because more than one cell in a low-power field made it difficult to determine the origin of a particular flagellum. During the preparation of the suspension care was taken not to agitate the cells unnecessarily, and thus to risk breaking flagella from the cells. Collodion slides were prepared by placing a drop of the dilute suspension on the collodion-covered screen, and after a few seconds shaking off the excess. The slide was then allowed to dry in air. A 50kV. RCA, EMU Model, electron microscope was used. Observations were made until variation in the number of flagella was demonstrated for each strain, or until it was felt that variation could not be demonstrated under the conditions of study. has made a specific statement, such as ' possessing a single polar flagellum ', this study has shown the statement to be incorrect.
EXPERIMENTAL METHODS

RESULTS AND DISCUSSION
The members of the genus Pseudomonas are generally thought of as having terminal flagella. In this study flagella frequently appeared to originate on the sides of the cell, or even on opposite ends of the cell. Figs. 9, 10, 12, and 13 in Plates 2 and 3 show the origin of flagella over a wide area of the end of the cell. Two definitely lateral flagella can be seen in P1. 3, fig. 13 . P1. 3, figs. 14, 15, show a single flagellum originating on the lateral part of the cell. One cell in P1. 3, fig. 15 , has a rather vague object coming from it which is probably not a flagellum. P1. 3, fig. 16 , shows two flagella originating from the lateral surface of the cell which join to form one large single flagellum. P1. 2, figs. 7, 8, show an amphitrichate arrangement of the flagella. In PI. 2, fig. 8 , the flagella are thick, in that they measure 0.026 , u in diameter, while those in P1. 2, fig. 7 , are very fine and measure only 0.016 ,u in diameter. Note also in PI. 2, fig. 7 , that two flagella appear to join to form one flagellum. In all of J . W. Bartholomew these pictures well-isolated cells are shown, and there is little chance that the flagella seen might originate from neighbouring cells. It is possible, however, that the lateral flagella in P1. 3, figs. 14, 15, might have originated on the end of the cell and fold under the cell to emerge on the side. The apparent Motile, possessing polar flagella lateral origin of a flagellum was frequent, and of 220 flagellated cells twenty-one had lateral flagella. This indicates that the origin of flagella for various species of the genus Pseudomonas might not be restricted to the terminal area of the cell or only to one end of the cell. fig. 6 , shows many small flagella-like structures originating from the end of the cell opposite the end with a large flagellum. These structures were very common on the cells from Ps. aeruginosa strain 96b. On observing this culture in a hanging drop preparation, it was found that this strain possessed a remarkably high degree of motility. Pls. I, 2, figs. 4, 5 , show more of these fine flagella-like structures. Their origin appeared to be at any point on the cell.
Ps. denitri$cans
The demonstration for the genus Pseudomonas of the lateral origin of flagella, the amphitrichate flagellation, and the fine flagella-like structures occurring almost anywhere on the cell, is compatible with the ' flagella degeneration' theory of Conn et al. (1920, 1938, 1940, 1947) . Conn has stated that perhaps all motile bacterial cells were at one time peritrichate; hence, a monotrichate or lophotrichate cell has merely lost the ability to produce flagella in certain areas. Thus, any area of the cell might possess the ability to produce a flagellum. This theory might also explain the fine flagella-like structures seen in Ps. aeruginosa 96b, in that they might represent 'degenerate' flagella; but this is pure speculation. The present paper does not attempt to prove these structures to be flagella. There is some possibility that they might represent 'Pseudoflagella', as described by Thjartta & KAss (1946) , in which case they might be simply strung-out capsular material. Supporting evidence that they might be flagella consisted of the extremely high motility of the cells of this culture, as compared with the cells of other Pseudomonas cultures which did not show these structures.
The variation in numbers and distribution of flagella, as reported above, throws doubt on the usefulness of such terms as monotrichate, lophotrichate and amphitrichate, when these terms are used to aid in the classification. It would seem best simply to refer to bacteria as being motile or non-motile; and if motile, as possessing either peritrichate flagellation or a tendency toward terminal flagellation.
P1. 1, figs. 1, 2, 3, show an apparent origin of the flagellum from the inner cytoplasm of the cell. The flagellum can be seen apparently to penetrate through the cell-wall, and then to expand into a broad base as it joins with the cytoplasm. This observation was made on only a few of the cells. The fact that this insertion could not be seen for all flagella is explicable on the basis of the drying effect of the electron microscope which causes the cytoplasm to retract from the cell-wall and the flagella to break away from it. Sometimes, by luck, the insertion remained intact. Recently van Iterson (1947) has published electron micrographs using the shadow-cast technique, which appear clearly to show a similar internal origin of flagella for Vibrio metchnikovii and Spirillum serpens. However, in both the pictures presented in the present paper, and in the pictures presented by van Iterson, there is the possibility that the flagella are merely underlying the cell-wall and that they really originate from the outer part of the cell; thus the apparent internal origin would be an artefact. Johnson, Zworykin & Warren (1943) presented electron microscope evidence to show that bacterial flagella did penetrate through the cell-wall. They showed that cytoplasm of certain cells of Achromobacter spp. had flagella attached even J . W . Bartholornew though the cell-wall had apparently been removed. They also found, however, fragments of cell-wall, devoid of cytoplasm, with attachecl flagella. They proposed a theory that flagella might be composed of elements from both the cellwall and the cytoplasm. Leifson (1931) also presented some evidence, not obtained by the electron microscope, which seems to rule out the capsular origin of flagella in the manner proposed by Pijper (1947). Leifson showed that flagella appeared and began to grow in length while the spores of BaciZEus cereus, B. vulgaris and B. JEavus were in the early stage of germination and before the cell had acquired much, if any, motility. It could be that confusion is occurring simply because Pijper generalized observations based on a single species of bacteria. P1. 3, fig. 11 , shows a flagellum which has split into two smaller flagella, P1. However, they believed the appearances to be artefacts and the structure to be due to the accumulation of dissolved protoplasmic components along the sides of the flagella during the drying of the preparation. This contention was supported by the observation that the tubular structure occurred only in the areas adjacent to what were termed 'lysed' cells. The same flagellum would appear tubular near the cell, but structureless at a distance from the cell. It is possible, however, to interpret their pictures differently; in the area adjacent to the cell the lead acetate might be in higher concentrations, and this, as shown in an earlier section of their paper, might increase contrast so as to make the tubular structure appear. The cells pictured in the present paper were in no way treated; nevertheless the tubular structure appears throughout the length of the flagellum, and the background is clear. Moreover, if the dark edges were due to accumulated dirt, then this line might also be expected to occur along the edge of the cell-wall; but this was not so. It is also possible that the double structure could be two small flagella lying parallel and held together by a thin sheath. The joining of two flagella in P1. 3, fig. 16 , lends support to this explanation, but it seems improbable, since many 'tubular' flagella were seen with no indication of the joining of two flagella a t the base. The exact interpretation of very fine flagella-like strands. x 52,000.
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